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Abstract
This paper examines whether childcare choice affects the early childhood development of
children aged 7–59 months. Using the data from Chinese Family Panel Studies, we look
at household choices between parental and grandparental cares and the timing of four key
early life achievements – walking, talking, counting and toilet training. We conceptualize
early childhood development within a household production model, which enables us to
identify the impacts of childcare. Our results suggest that compared with parental care,
grandparental care delays the achievement of all four outcome measures. Grandparental
care is particularly disadvantageous for children who are ‘left-behind’ by migrant parents.
I. Introduction
Child survival, growth and development are influenced by three underlying factors: nu-
trients, health and sanitation services, and childcare (UNICEF, 1990; Engle, Menon and
Haddad, 1999; Alderman, 2007). While there has been extensive literature examining the
impact of the first two factors on child development, research on the effect of childcare
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in developing countries is limited. Family’s choice of childcare determines child environ-
ments which would significantly shape children’s abilities and skill formation (Cunha and
Heckman, 2007). Scientific research finds that the early years are the most critical pe-
riod for children’s brain development. Various levels of such development are reflected in
children’s acquisition of physical abilities, social–emotional functionings and language-
cognition (Grantham-McGregor et al., 2007, 2014). Early childhood development influ-
ences wellbeing throughout life, affecting school attendance, wages, employment, early
motherhood and participation in crime, among other things (Irwin, Siddiqi and Hertzman,
2007; Bernal, 2008).The quality of childcare provided in early years is therefore important,
with evidence that maternal support in the first few years is strongly associated with child’s
brain development and mental health (Bowlby, 1951; Luby et al., 2016). This paper looks
at how the family’s childcare choice affects early childhood development in China.
The importance of maternal care raises an issue for many countries where women’s
labour market participation grows steadily. Dual-earner families usually seek support from
others to care for children while working fulltime.This challenge is more important for par-
ents in developing countries, where there are limited universally accessible and affordable
childcare provisions and little regulation for maternity protection (Stumbitz et al., 2018).
Evidence from China, the United Kingdom and several other countries shows that the
number of children in grandparental care has increased dramatically over the last decade
(Goodfellow and Laverty, 2003; Tan et al., 2010; Dong and Zhao, 2017). The contributing
factors in China include high female labour force participation (about 70% according toThe
World Bank, 2018), short average duration and low coverage of maternity leave (Dong and
Zhao, 2017), low availability of formal group care provisions (e.g. nurseries) for children
under 3 years (Du and Dong, 2013) and unregulated non-group provisions (e.g. nannies).
Several studies of China find grandparental care is negatively correlated with child welfare
and health outcomes (Ye and Pan, 2011; Mu and de Brauw, 2015; Yue, Sylvia and Bai,
2016). This paper extends these studies by investigating whether there are adverse effects
of grandparental care on early childhood development in China. Some studies look at the
effects of non-parental, informal care (relatives, friends, non-relatives) as a substitute for
mothers’ care (Gregg et al., 2005; Bernal and Keane, 2011). Relatively little is known
about the impact specifically of grandparental care on early childhood development (see
Hansen and Hawkes (2009) and Del Boca, Piazzalunga and Pronzato (2018) for analysis
of UK data). To the best of our knowledge, ours is the first study of the impact of informal
care (by grandparents) on early childhood development in a developing country.
Using the China Family Panel Studies in 2010, 2012 and 2014, we examine the impact
of childcare on the age in months when children achieve four key abilities – to walk, to
talk, to count and to use the toilet independently. Each of the four abilities respectively
represents the milestone of early development in physical skills, language skills, numerical
skills and self-adaptive skills. Given the low availability of formal childcare for the young
age group in China, we only distinguish childcare between parents (mainly mothers) and
grandparents.
Estimating the impact of childcare on child development is problematic because such
childcare decisions are conditioned by many other socioeconomic factors with direct effects
on children’s early development. With mothers being the traditional primary carer, conven-
tional income and substitution effects apply when considering their labour
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supply. Poverty may drive mothers of young children to seek employment while pros-
perous mothers might enjoy maternity leave or become homemakers. Conversely, women
who are better educated or from an advantaged background may have superior opportuni-
ties in the labour market and so delegate daytime childcare responsibilities to others. While
it is possible to control for some observable factors affecting labour supply and childcare
choice, unobserved factors may remain. To establish the causality of childcare choice on
the ages in months at which the skills are obtained, we model each skill using two-stage
instrumental variable estimations in a semi-parametric proportional hazards model (Terza,
Basu and Rathouz, 2008).
The paper proceeds as follows. In section II, we firstly discuss the context and issues
related to the measurements of child outcomes and childcare in China. Section III presents
a conceptual framework and estimation strategy before section IV, which describes our
data. Section V reports our main results, including specifically on ‘left-behind’ children,
while section VI concludes.1
II. Context and issues
Measurements of early childhood development
We measure childhood development by the recorded month in which children first achieve
the ability to walk, to talk, to count and to use the toilet independently.
Walking independently by 24 months of age is one of six distinct gross motor milestones
identified by the World Health Organization (WHO Multicentre Growth Reference Study
Group, 2006). Recent research finds that early motor skills are important not just for later
motor skills but also for adaptive and cognitive development (Ghassabian et al., 2016).
Oudgenoeg-Paz,Volmsagean and Leseman (2012) suggest that early acquisition of walking
at the age between 12 and 20 months propels infants’ language development during 16–24
months, and Walle and Campos (2014) also confirm that acquisition of walking during
10–13.5 months of age is associated with a significant increase in receptive and productive
language. Independent walkers usually produce more social referencing and joint attention,
as well as increased vocalizations, directed gestures and social interaction bids (Clearfield,
2011; Leonard et al., 2015). Walking is also linked to emotional changes as walking infants
show increased elation, together with greater levels of wilfulness (Biringen et al., 1995).
Children’s language development in vocabulary and word combinations is another im-
portant achievement of early childhood. In this paper, we measure the age of talking using
the month in which the child can form a short but meaningful sentence, such as ‘I want to
eat (wǒ yào chı̄fàn, expressed using four Chinese characters)’. Children who have limited
expressive vocabulary (usually <50 words) and have difficulties in combining two to three
words at 24 months of age are identified as late talkers (Rescorla, 1989). Del Boca et al.
(2018) find that children cared by grandparents at the age of 18 months have better vocab-
ulary skills like naming objectives but this effect turns to be insignificant after controlling
for the endogeneity of childcare. In our research, we test whether grandparents have similar
effects on children’s language development.
1
An online appendix provides further material with details about: descriptive statistics; first stage results (instru-
mentation of childcare choice); disaggregations by gender and rural–urban location; and robustness analysis.
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Counting from one to 10 is the third measurement of child ability. Numeracy is par-
ticularly valued by parents in China (Aunio et al., 2008). The benefits of early year’s
mathematics learning have been advocated by several researchers: the National Research
Council (2009) recommends that children should start to learn math as early as three years
old.
Our final indicator of child development – toilet training – is regarded as a milestone of
children’s adaptive (self-help) development. In this study, being successfully toilet trained
means that the child is able to independently complete the process of taking off pants, uri-
nating and putting on pants. The completion of toilet training marks a transition from the
early infanthood stage to becoming more independent. In the 20th century, prescriptions
for toilet training swung like a pendulum between the polar opposites of passive permis-
siveness and systematic control. However, the current consensus is that professionals and
childcarers should be concerned if a child refuses to be toilet trained or the achievement
is delayed, behavioural management of toilet training being recommended to reduce the
adverse implications in such cases (Luxem and Christophersen, 1994).
Childcare mechanisms
Early childcare is usually provided by three mechanisms: parents (assumed to be primarily
the mother), relatives (typically the grandparents), and formal childcare providers includ-
ing group-based (nurseries) and non-group-based (childminders, nannies). In this study,
we only consider parental and grandparental cares because institutional childcare is not
commonly available for children under 3 in China and the sample size of children in formal
childcare is too small to be included in the empirical analysis.
Studies in neurology and psychology examine the impact of maternal support in the
first few years (Luby et al., 2016) and infant-mother attachment (Bowlby, 1951), both of
which show strong associations between children’s brain development and their long-term
behavioural, emotional and cognitive development. It is widely believed that parenting, par-
ticularly mothering, is a strong and consistent predictor of child outcomes (The NICHD
Early Child Care Research Network, 1998; Belsky et al., 2007). However, young moth-
ers face a choice between caring for children and paid employment. Thus, non-maternal
childcare mechanisms are established to substitute for maternal care.
In developed countries, formal childcare providers such as nurseries, qualified child-
minders and nannies are important early childcare mechanisms. There is evidence that
high-quality childcare not only neutralizes the potential negative effects of maternal em-
ployment but even produces positive effects on children’s cognitive development (Felfe,
Nollenberger and Rodríguez-Planas, 2015). However, these childcare mechanisms are less
common and weakly regulated in developing countries such as China. China started child-
care reform in the 1990s, mainly in the form of kindergarten/nursery privatization, which
resulted in a dramatic decline of public-funded nurseries (Du and Dong, 2013). Public
kindergartens are mostly commercialized, and the number of private kindergartens rose
significantly, with diverse quality of services. In addition, national regulations only allow
kindergartens to recruit children aged 3 years and above. Increasing numbers of urban
families rely on domestic workers/nannies to care for children under three. However, the
proportion of families using domestic workers is still small, and there are no professional
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standards or regulations.2 In our data set, there were too few cases of formal childcare to
warrant, including it as a category in our analysis.3 Thus, it is grandparents and other rela-
tives who typically provide childcare when the mothers are working. Dong and Zhao (2017)
report that in urban China, the proportion of children aged under seven in nurseries and
other institutions dropped from 26% in 1991 to 22% in 2011, while the percentage cared
for by grandparents increased from 40% to 56%. Care by grandparents is also common in
rural China and has risen even faster than in urban areas due to mass rural–urban migration.
The phenomenon of ‘left-behind children’ is a major factor causing the proportion of rural
children aged 0–6 cared by grandparents to increase from 27% in 1988 to 49% in 2011.
China’s maternity leave policy is another reason for grandparents being important carers
of preschool children. The duration of paid maternity leave was 90 days before 2012 and
then extended to 98 days, which is in line with the standard of the International Labour
Organization. Many provinces granted extra days of late childbirth leave to women who
had the first childbirth at the age of 24 or older, which makes the total duration of maternity
leave vary across provinces from 90 days to 180 days (Jia, Dong and Song, 2018).4 China’s
maternity leave is childbirth related and solely for mothers. It is different from and shorter
than the policy in many OECD countries that includes extra childcare-related leave, which,
in some countries, can be taken by either parent. Besides, maternity leave provision does
not benefit all employed mothers (Dong and Zhao, 2017). Employees with a short-term
contract in the state sector do not have such benefits, and the coverage of paid leave in the
private sector is much lower as a result of no effective means of enforcing the regulations.
Jia et al. (2018) find that during 1998–2008 only about 60% employed urban mothers took
paid maternity leave. For employed mothers with a college education, 88% took the leave,
and the average duration was 107 days. In contrast, among employed mothers without a
college education, only 36% took the leave, and the mean duration for these mothers was
just 39 days. It is estimated that only 33.5% of female employees in cities were covered
by maternity insurance in 2012 (Dong and Zhao, 2017). Women who were not covered by
maternity insurance were more likely to have lower socioeconomic status in the informal
or private sectors, where paid maternity leave is generally unavailable.
The pattern of early retirement in China – often around age 55 for women – also
encourages the reliance on grandparents for childcare. In the dynamic economy of China,
younger women recently educated may be more productive in the labour market than their
aging parents, who received less education. Consequently, grandparenting becomes an
important substitute for mothers’ care in many Chinese families.
2
In June 2019, China’s State Council issued a Guidance for Promoting the Quantity and Quality of Domestic
Services, which is the first policy in domestic service sector and mainly a blueprint of future development.
3
In the questionnaire, there is a direct question to the respondent about the primary daytime carer, including six
categories: mother, father, paternal grandparents, maternal grandparents, nursery/kindergarten and domestic worker.
We group maternal and paternal care into parental care category (the proportion of paternal care is very small).
We group paternal- and maternal-grandparental care as grandparental care. The proportion of children cared by
kindergarten and domestic workers is too small (less than 0.4% of each sample size). Therefore, we only consider
parental and grandparental care in the empirical analysis.
4
From 2016, China’s one-child policy that lasted more than three decades was eliminated. To encourage the
childbirth, many provinces adjusted the maternity leave policy to ‘98 days national standard leave + child birth
bonus days’. Nowadays, the duration of paid maternity leave is between 128 days and 190 days. However, year of
2016 is out of our observed period in this study that is from 2010 to 2014.
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Tied by close family bonds, grandparents in China typically offer childcare free of
charge to the parents. However, there are concerns over the quality of care provided, as
grandparents are usually less educated and hence less likely to adopt modern childcare
practices than other carers. Hansen and Hawkes (2009) found that children in the United
Kingdom with grandparental care usually do better in vocabulary skills although Del Boca
et al. (2018) analysed the same dataset and overturned this result after controlling for the
endogeniety of childcare choice. Both studies report children cared for by grandparents are
weaker in other cognitive development and have more behavioural problems. Compared
to parents, grandparents might also have lower awareness of healthy means of raising
up children. Li, Adab and Cheng (2015) find that children who live with two or more
grandparents have a 70% higher risk of being overweight or obese than those who do not.
Similarly, Mo et al. (2016) find a higher prevalence of being overweight or obese among
left-behind preschool-aged children but also find the risk of wasting (being too thin) is
higher among that population. In this study, we examine, comparing to parental care,
whether grandparental care has similar effects on the development of the four milestones
in the first few years of children’s life.
III. Conceptual framework and estimation strategy
Conceptual framework
In this section, we adapt Becker’s household production model to child-rearing, providing
a simple representation of some of the key issues involved in modelling early childhood
development. In this approach, early childhood development is modelled as being produced
by the household using goods and time inputs (Ben-Porath, 1967; Leibowitz, 1974).We start
with a child development production function, equation (1), where the early development
achievements, A, of child i are determined by choices over inputs made by parents and by
control variables:
Ai =Ai(Ci, TPi, TGi, E, X , v) i =1,…, N . (1)
For exposition, we assume that all spending on children, Ci, is input into child development.
This would include food, books, toys and health care (we abstract from child expenditure
that has no development benefits). With time inputs, T , to childcare, we distinguish the
time provided by two types of caregivers, parents (TP) and grandparents (TG). We do not
consider other childcare mechanisms here but this model can be easily extended to include
more categories of childcare. The control variables in equation (1) are parental education
(E) and other observed parent and child characteristics (X ). There are also unobserved
determinants of child achievement, v, which comprise the characteristics of the child,
parents and environment that are not measured in the survey.
We assume the household chooses the amount of good and time inputs to allocated to
child development based on maximizing a household utility function subject to constraints.
For example, a simple utility function would be:
U =U (Cp, Ci, L, Ai), (2)
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which includes the child’s abilities (Ai), the consumption of goods and services (C) by
parents, p, and the child i, and leisure (L). Equation (2) assumes a nuclear household
consisting of parents and one child. It could be generalized to several children, who may
have different weights in the household utility function (e.g. if there is pro-son bias). For
simplicity, we assume a unitary household, abstracting from potential differences between
parents.
The household maximizes utility with respect to consumption and time subject to child
development production function (equation (1)), a time constraint for parents (equation
(3)), and a budget constraint (equation (4)):
TT =TW +TP +L (3)
Cp +Ci +PTG ·TG =W ·TW +M (4)
TT is the total time available to parents, allocated to wage work (TW ), childcare (TP)
and leisure (L). For simplicity, we use a one-period model, where spending equals income.
Household expenditure comprises the general consumption of parents and children together
with the cost of childcare provided by grandparents, at a price of PTG per unit of time.As note
previously, grandparents’ time typically is not charged for at a monetary rate – however,
we use PTG to capture the opportunity cost.5 Household income is the sum of the wages
(W ) paid to parents and unearned income (M ). The wage (W ) for parents depends on their
education level and other personal characteristics.
W =W (E, X ) (5)
For a household, parental care and grandparental care are imperfect substitutes. How much
of each kind of carer’s time is allocated will depend on their relative productivity in child
development (A/T ) and the relative cost of their time. At optimum, the marginal rate of
technical substitution between the two caregivers will equal the ratio of the cost of their
time.6 Ceteris paribus, parents who could earn high wages would be more likely to rely
on their grandparents to look after their children.
The solution to the optimization problem can be represented by reduced form demand
equations whereby all the choice variables – consumption, leisure and time allocated to
child-rearing – are a function of all the exogenous variables:
Cp, Ci, L, TPi, TGi = f (PTG, E, X , M , v) (6)
Attempting to estimate directly the structural relation – the child development production
function – in equation (1) is problematic due to the presence of endogenous inputs. The
presence of unobservable v in both equations (1) and (6) implies that ordinary least squares
(OLS) would suffer from endogeneity bias. One solution to this is to use an approach with
instrumental variables (IV).
5
In a more realistic model, one would allow for intra-family bargaining and a time constraint on
grandparents.
6
To derive the optimal time and goods allocation to childcare, equations (3) and (4) can be combined into a
single ‘full income’ constraint, and a Lagrangean function formed from the objective function, equation (2) and
this constraint. Differentiating Lagrangean with respect to the choice variables, we obtain the following tangency
condition for optimum time allocation to childcare:(@A/@TP)/ (@A/@TG)=W/PTG .
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Estimation strategy
To address the endogeneity of childcare choice, we employ a strategy of two-stage esti-
mation with IVs. However, the standard two-stage least squares (2SLS) estimation is not
suitable for our data due to the nature of limited dependent variables in the first and second
stages. In our data, we do not have continuous variables to measure the childcare time input
(TP and TG). Instead, childcare is recorded as categorical information on the type of the
main daytime carer of the child. This means that our childcare choice variable is binary,
taking a value equal to 1 if a child is cared by a grandparent, and 0 by a parent. Thus, in
the first stage, it is appropriate to model childcare using a binary choice model such as a
probit model. In the second stage, our measures of early childhood development are the
ages at which children reached four milestone achievements (walking, talking, counting
and independent toileting). Each achievement is an event whose timing is to be modelled.
The four timing variables are right censored: in our sample, some young children may
not have attained a specific achievement but will do so later. Hence, the appropriate way
to model equation (1) is using survival analysis which is commonly used for modelling
duration data, in the case, the time until a child attains a specific achievement. Therefore,
childcare choice and child outcome are both measured by limited variables, and both first
and second stages are nonlinear models.
Under this circumstance, we adopt two IV-based approaches to correct for endogeneity
bias in nonlinear models – two-stage predictor substitution (2SPS) and two-stage residual
inclusion (2SRI) (Terza et al., 2008; Tchetgen Tchetgen et al., 2015). The 2SPS estimator
is a straightforward analogous to 2SLS, using the predicted values computed from the first
stage regression (i.e. predicted probabilities of parental care and grandparental care in this
paper) to substitute the endogenous variable (i.e. the dummy of childcare choice) in the sec-
ond stage. The 2SRI estimator has the same first stage regression as 2SPS; however, in the
second stage, the endogenous variable is not replaced. Instead, the first stage residuals are
used as an additional control in the second stage estimation. The 2SRI method, also known
as the control function approach, is essentially the same as Durbin–Wu–Hausman endo-
geneity test in the linear context (Hausman, 1978; Wooldridge, 2014). Although the 2SPS
has been widely used in health economics and epidemiology research, Terza et al. (2008)
find that 2SRI method provides consistent estimates while 2SPS does not. In this paper,
we adopt both methods but use the results from the 2SRI estimator as the main findings.
Aside from the central concern over childcare choice, we also investigate the endogene-
ity of two other determinants of childhood achievement – parental education and household
income. Although parental education was assumed to be fixed in the simple conceptual
model presented previously, the observed effects of education may reflect pre-existing abil-
ity or parental background rather than schooling per se. We use household income, I as a
proxy for the consumption of child goods that are inputs to child development, Ci, as we
do not have direct measures of spending on child goods. Household income is potentially
endogenous because it depends on childcare choice and work decisions, as well as the wage
level, which might be affected by unobserved parental ability endowment that is correlated
with the child outcome.
To deal with the endogeneity of childcare, parental education and household income,
we use a set of instrumental variables that are correlated with the endogenous variables but
have no influence on the child development measurement. Our first IV proxies the local
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demand condition that influences childcare decisions and household income. Similar to
Bernal and Keane (2011), we use the 20th percentile annual wage of female employees in the
household’s county (IV1). The local female wage rate will influence the opportunity cost
of parental childcare, which is typically provided by mothers. The lower percentile of the
wage rate is used to capture the wage paid to unskilled labour, because we do not want the
variable to capture the return on human capital investment, as this could affect the benefit
to investing in early childhood development as well as the cost. The second is a dummy
variable whether the parent was born before or after 1978 (IV2) to capture a policy change
on school-aged children since 1985, the year when China introduced 9-year compulsory
education system, re-structured the secondary school education and increased autonomy of
higher education institutions (Cheng, 1986). On average, parents who were born after 1978
are more likely to have a higher education level and a higher opportunity cost of caring
the child themselves, and hence prefer to ask grandparents to fill the childcare gap. The
next instrument is the education of the grandparents (IV3) which would influence parental
education and through education to income.7 Our final IV is an index for household assets
(IV4), generated by principal component analysis, which reflects the possession of motor
vehicles, house and second house, as well as jewellery. Household assets are correlated
with household income but are unlikely to be affected by the short-term labour supply
decisions modelled in our conceptual framework.
To test the validity of the IVs, we calculate the covariance between each instrumental
variable (Z) and the residuals, v obtained from naïve estimation of equation (1), that is
Cov(v, Z). For all the instruments, the covariances are close to zero, indicating instruments
exogeneity (Wooldridge, 2014). Besides, we estimate our models by including three of the
four IVs each time to test whether the estimated coefficients are consistent (Wooldridge,
2014).8
The three equations in the first stage are hence:
Pr(G =1|X , Z)=Pr(X 1 +Z2 + "R > 0) (7)
E =X 1 +Z2 + "E (8)
lnI =X 1 +Z2 + "I (9)
respectively, where G is the childcare choice dummy taking a value of 1 if a child is cared by
a grandparent and 0 by a parent; E refers to parental education, I is household income, and
Z is a set of instrumental variables as discussed above. X represents observed parent/child
characteristics, such as age, child sex, birth weight, whether the child is the first born, only
child dummy, residential status and regional dummies.9 "R, "E and "I are respectively, the
7
A priori, the exclusion restriction required for this instrument is questionable: the education of grandparents may
affect children in ways other than through parental education, particularly if the grandparent is one of the child’s
carers. However, preliminary estimates found grandparental education was not a significant determinant of child
achievement in our data. The validity test of IVs (in the online appendix) also confirms this.
8
This is similar to a test of overidentification restrictions as stated in Wooldridge (2014) p.428–429). The results
are reported in the online appendix.
9
Birth weight could be regarded as endogenous, reflecting parental health and nutrition. However, we include it
to control for genetic endowments and longer term influences on child development. Parental education may also be
endogenous from a life cycle perspective and we address this empirically.
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residuals in each regression. Equation (7) is estimated using a probit model while equations
((8)) and (9) are estimated using OLS. We then calculate the predicted probabilities of a
grandparent being the main carers of the child (Ĝ), the predicted parental education (Ê)
and the predicted household income (Î ). We also calculate the three residuals for each child
"̂R, "̂E and "̂I , each defined as the difference between the observed and predicted values of
the endogenous variable.
In the second stage, we model the timing at which each of the four abilities is obtained.
Following Cox (1972), we use a semi-parametric proportional hazards model, where the
hazard rate – the probability of attaining ability A at time t given that it has not previously
occurred – for a child i is given by:
i(t|Y)=0(t) exp(Y) (10)
where Y is the vector of determinants of childhood development, and 0(t) is a baseline
hazard. An advantage of the Cox approach is that it does not impose a distribution on the
baseline hazards.
The log of the hazard function is a linear combination of parameters and repressors,
that is
log i(t|Y)=0(t)+Y (11)
When using the 2SPS method, the empirical model in the second stage is:
log i(t|Y)= 0(t)+ 1Ĝ + 2lnÎ + 3Ê + 4X + v2SPS (12)
whereas the empirical model of the 2SRI method is:
log i(t|Y)=0(t)+1G +2I +3E +4X +5"̂G +6"̂E +7"̂I + v2SRI (13)
The results of 2SRI is analogous to Durbin–Wu–Hausman test so can be used as a test
of endogeneity of our key regressors – the dummy of childcare, parental education and
household income. For all regressors, we reject the null hypothesis of exogeneity, that is
5, 6 and 7 are statistically different from zero in most of the specifications.
We estimate equations (7)–(9), (12) and (13) separately using Stata. Standard errors
obtained may fail to appropriately account for extra variability due to the first stage esti-
mations and might understate uncertainty. To produce more accurate estimates of standard
errors, we perform all the estimations based on 500 bootstrap samples.
IV. Data and variables
The data we use are from the China Family Panel Studies (CFPS) of 2010, 2012 and
2014, nationally representative longitudinal social surveys conducted by the Institute of
Social Science Survey at Peking University, China (Xie and Hu, 2014). It includes a
section on child development, asking about the timing of the four milestone achievements
as described in previous sections. We collect individual and household data for children
whose child outcomes were reported by the parent or the main carer. For each child,
we take one observation when modelling each achievement. Since the four achievements
are developed at different age ranges, we select children who are aged 7–24 months for
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TABLE 1
Descriptive statistics on measurements of early childhood development and childcare
Walking Talking Counting Toilet training
Child age range in month 7-24 12-36 18-59 18-59
Whether the ability has been obtained (1= Yes; 0 = No)
Mean 0.399 0.217 0.172 0.271
S.D. 0.490 0.412 0.377 0.445
Age of obtaining the ability (month)
Mean 13.346 21.322 30.483 29.283
S.D. 2.291 5.231 8.042 7.577
First Quartile 12 18 24 24
Third Quartile 14 24 36 36
Childcare choice (%)
Parents 66.94 57.16 53.39 51.71
by mothers 65.76 55.77 51.71 49.8
Grandparents 33.06 42.84 46.61 48.29
at least 1 parent at home 27.73 33.58 32.36 35.43
no parents at home 5.33 9.26 14.25 12.86
Observations 1107 1361 1845 1524
Notes: Statistics are weighted. Among the children who are cared by grandparents, if the child
lived with either parent more than 5 months over the past 1 year of the survey, we define the
child as living with at least one parent at home; otherwise, the child is living with no parent
at home (Zhou et al., 2018).
Sources: China Family Panel Studies, 2010, 2012, and 2014
walking, 12–36 months for talking, and 18–59 months for counting and toilet training on
the date of the survey. To ensure that the childcare choice is measured at the time when
the ability is developing, we only keep the children who are developing a particular ability
at the time of the survey (i.e. the ability is not yet obtained), and the children who have
obtained the ability within 3 months of the survey. This limits retrospective measurement
errors with the outcome variables.10 We exclude children whose parent did not report their
childcare pattern or whose records were obviously erroneous, for example, being able to
walk independently before 6 months or talk in a full sentence before 12 months. Since
a child might obtain one ability in one wave of the survey and other abilities in the next
waves, we construct separate samples for each ability. Definitions of variables and the
descriptive statistics are available in the online appendix.
Table 1 shows the typical ages at which children show the capability to 1) walk alone
at least three to five steps without any assistance; 2) form a short meaningful sentence; 3)
count from 1 to 10; and 4) be successfully toilet trained. The age at which children first
walk shows the least variation: the mean is 13 months within an inter-quartile range of 2
months. The ages at which the other three achievements are reached show more variation:
the coefficient of variation (the standard deviation divided by the mean) is 0.17 for walking
10
For a robustness check, we expanded the sample by including children who have achieved the ability within 6
months of the survey, assuming that the main caregiver is not changed in the past half of a year. See the results in the
online appendix.
© 2021 The Authors. Oxford Bulletin of Economics and Statistics published by Oxford University and John Wiley & Sons Ltd.
12 Bulletin
but 0.25–0.26 for the other three abilities. The 21st month is the mean age at which children
talk in full sentences, but the first quartile is 18 months and the third quartile 24. Counting
to 10 and independent toileting are achieved at similar ages, the means being the 30th and
29th months respectively.
Table 1 also reports the type of the main daytime carer. The breakdowns across our
two categories vary according to the child’s age, with mothers being the most common at
younger ages (about two third in the walking sample) and grandparental care becoming
concentrated in later years. Regardless of the daytime carer, the majority of children are
living with at least one parent (mostly including mothers). The proportion of children who
are left behind by both parents increases from about 5% in the walking sample to about
13–14% in the counting and toilet training samples. Overall, the majority of children (more
than 50%) are primarily cared for by their parents (almost all by mothers) but grandparents
become equally important carers as mothers for children above 18 months.
V. Results
Main results
Table 2 presents the main results from the Cox models for the hazards of obtaining the four
abilities of children (equation (11)). For each ability, we report the results from the naïve
estimates without tackling the endogeneity of relevant regressors, the estimates using IVs
from 2SRI method (equation (13)) and 2SPS method (equation (12)). Our estimates from
2SRI and 2SPS are similar but largely differ from the naïve estimates.The results of Durbin–
Wu–Hausman test suggest that childcare, mothers’ education and household income are
endogenous regressors so that the naïve estimates are biased. The table also reports that the
covariances between the residuals from the naïve estimates and each instrumental variable,
that is, Cov(res n, IV ), are close to zero, indicating the exogeneity of all the IVs.
We use the estimates from 2SRI as our main results. In general, being cared for by
grandparents has a negative effect on the hazard for all the abilities – walking, talking,
counting and being toilet trained. Since the survival model is a proportional hazard one,
the coefficients can be interpreted as scaling the baseline hazard of a particular child
development achievement.11 Overall, the results suggest that parental care, other things
being equal, is better for early childhood development than being cared for by grandparents.
These findings are broadly consistent with previous research about the adverse effect of
grandparental care, with the possible exception of talking.12
These findings are only evident after controlling for endogeneity. Naïve estimates find
the only negative effect of using grandparents is on counting. The differences between the
naïve and IV estimates imply a positive association between the unobservables associated
with grandparental care and those associated with early childhood development. Intuitively,
parents who have unobserved advantages in terms of their work productivity – leading them
to use grandparents – may also tend to have unobserved advantages when it comes to child
11
For example, the coefficient of grandparental care (−3.132) in column (2) implies that such care cuts the hazard by
4.4% (0.044=exp(−3.132)) relative to parental care and therefore a longer time to obtain the ability, ceteris paribus.
12
Hansen and Hawkes (2009) find that, in the United Kingdom, grandparental care benefits child vocabulary skills.
However, Del Boca et al. (2018) find this result disappears after controlling for the endogeneity of care.
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development. Not controlling for the endogeneity of the childcare choice, therefore, makes
it appear that parental care is less beneficial than it actually is.
Turning to the other two endogenous regressors, mothers’ education has a positive and
significant effect on the hazards of walking, talking and being toilet trained.13 Each year
of education raises the baseline hazard by 24–40%. The estimated effect on the hazard for
counting is positive but not significant in the IV estimates.
Household income delays the development of walking skill but hastens counting skill.
It does not affect talking and toilet training. One possible explanation of the negative effect
on walking is that, in the walking sample, children in high-income families (above the
median in per capita income) are on average about 500 grams heavier than those in the
low-income families (below the median) and heavier children often walk later.14 Among
the four selected abilities, counting from 1 to 10 may be regarded as the most obvious
result of deliberate educational training. The income effect is large: doubling household
income increases the hazard of learning to count by 94%.15 Our data also show that rich
families tend to invest more time in teaching numbers to children aged between 1 and 3
years.16 This may foreshadow subsequent increases in human capital investment and be
positive overall for China, given its rapid economic growth. However, it may also be one
channel for the intergenerational transmission of inequality within the country.
Subgroup analysis
Our main results show strong negative effects of grandparental care on all the early develop-
ment outcomes. However, estimating the average effect of childcare choice may conceal the
differences across subgroups. For example, Magnuson et al. (2016) suggest that early child-
hood education programmes have a roughly equal impact for boys and girls on cognitive
and achievement measures but boys gain more on other school outcomes. Del Boca et al.
(2018) find the negative effect of grandparental care is only significant for children from a
more disadvantaged background. To assess how the effects of explanatory variables vary
with different types of child and different types of household, we estimate equations ((12))
and (13) separately for several subgroups, divided by the children’s gender and residential
status.A bootstrap and permutation test (Cleary, 1999) is used to test whether estimated co-
efficients on grandparental care of the subgroups are statistically different from each other.17
For brevity, we only report the coefficients of grandparental care from 2SRI estimates.18
13
We use maternal education as a proxy for parental education to simplify the empirical analysis. Results for
controlling paternal education are reported in the online appendix.
14
We also calculated the weight-for-age z score for children and the difference between high- and low-income
countries is 0.338 and statistically significant from the two-sample test.
15
While the coefficient  in the proportional hazards model is an approximation to the proportional effect, a more
precise estimate is exp()−1.
16
Some families reported how often a family member teaches numbers to the child aged 1–3 years with answers
precoded into six bands. The average household net incomes per capita by the frequency bands are: RMB 11,670
(every day), RMB 9,453 (several times a week), RMB 10,116 (several times a month), RMB 6,902 (once a month),
RMB 7,368 (several times a year), and RMB 4,614 (never) respectively.
17
Cleary (1999) method is a bootstrapping procedure to calculate empirical P-values that estimate the likelihood
of obtaining the observed differences in coefficient estimates with the null hypothesis that the true coefficients are
equal for each variable.
18
Results from first-stage regressions and from 2SPS method are available upon request.
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Our main findings confirm the negative effects of grandparental care on all the four
abilities for both boys and girls (Panel A in Table 3 refers). The magnitude of the co-
efficients implies boys are more negatively affected by grandparental care for walking
while girls are more negatively affected for talking, counting and toilet training. However,
the Cleary test does not reject the equality of coefficients across the two genders for any
ability.
When dividing the sample by rural–urban location,19 there are heterogeneous effects
between the rural and urban samples for the effects of grandparental care (Panel B in Table
3 refers). Grandparental care has a stronger negative effect on the hazard of walking for
rural children. Similarly, its adverse effect on language development is significant only in
the rural sample, with insignificant effects on urban children. A Cleary test rejects equality
of coefficients for both abilities. Interestingly, grandparental care has a stronger negative
effect on counting and toilet training for urban children, but the Cleary test suggests the
difference is only significant for toilet training.The difference in toilet training may be due to
relevant caring practices. Rural children are more likely to be cared using traditional ways,
for example, using cloth diapers that need to be washed by hands, so carers (both parents
and grandparents) prefer to train the children as early as possible. Therefore, compared to
parental care, the average negative effect of grandparental care on toilet training is smaller
for rural than urban children. Overall, it appears that grandparental care has negative effects
on children living in both rural and urban China; however, it is more of a concern in rural
areas in terms of walking and talking.
Heterogeneity in the effects of left-behind children
Considering the phenomenon of mass rural–urban migration and millions of ‘left-behind
children’ in the rural area (Chen et al., 2009; Lu, 2013; Dong and Zhao, 2017), we examine
whether left-behind children, particularly those left by both parents, are in a more disad-
vantaged position. Following the method in Zhou et al. (2018), if a child has lived with
either parent for at least 5 months out of the previous year, we define the child as living
with at least one parent at home; otherwise, the child is living with no parent at home.
Then we decompose our childcare choice variable into three categories: parental care (base
group same as before); grandparental care with at least one parent living at home (G1); and
grandparental care with no parents living at home (G2).20 Then we modify the childcare
model (equation (7)) in the first stage to a multinomial logit model, including an additional
IV – the average proportion of children who are aged 0–59 months and left behind by
mothers in the county of residence (IV5). Then the second-stage equation for the 2SRI
method becomes
19
Children who are rural to urban migrants are included in the urban model and a dummy variable of migrant is
included.
20
There is no direct question about whether the child is ‘left-behind’ by one parent or both parents, so we use
whether the child lives with parents as a proxy. Our data allow us to identify ‘father-only left-behind children’,
‘mother-only left-behind children’ and ‘both parents left-behind children’. However, the observations of ‘mother-
only left-behind’ is very small. Since living with mothers is more important for young children in our samples, and
more categories will raise more endogenous problems, we only consider two categories for children who are cared
by grandparents, that is, living with at least one parent, and living with no parents.
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TABLE 4
Heterogeneity in the effects of left-behind children – 2SRI estimates
Walking Talking Counting Toilet training
All - naïve Grandparents at least one parent 0.003 0.100 −0.061 −0.063
(0.096) (0.124) (0.119) (0.100)
Grandparents no parent −0.051 0.023 −0.817*** −0.398**
(0.187) (0.194) (0.220) (0.163)
All - 2SRI Grandparents at least one parent −2.635*** −0.638 −4.350*** −2.837***
(0.548) (0.810) (1.207) (0.694)
Grandparents no parent −3.708*** −1.820*** −3.893*** −2.835***
(0.840) (0.606) (0.681) (0.579)
Boys Grandparents at least one parent −2.910*** −0.895 −4.272** −1.461
(0.784) (1.266) (1.659) (0.921)
Grandparents no parent −2.768** −1.049 −3.420*** −1.901***
(1.112) (0.840) (0.737) (0.704)
Girls Grandparents at least one parent −2.498*** −1.970* −3.473* −3.282***
(0.763) (1.189) (1.833) (0.943)
Grandparents no parent −3.300*** −2.988** −4.771*** −1.992*
(1.015) (1.179) (1.260) (1.017)
Urban Grandparents at least one parent −1.870** 0.223 −4.110*** −4.177***
(0.781) (1.290) (1.489) (1.035)
Grandparents no parent −3.698 −0.554 −3.844*** −2.668***
(7.020) (1.308) (1.267) (0.887)
Rural Grandparents at least one parent −3.161*** −1.076 −0.694 1.533
(0.731) (1.520) (2.544) (0.937)
Grandparents no parent −3.709*** −1.828** −2.981*** −2.301***
(1.000) (0.812) (0.997) (0.856)
Joint significance of IVs (F statistics for full sample)†
First stage childcare choice 38.45 45.22 59.29 55.43
First stage mothers education 26.14 32.85 53.02 44.79
First stage household income 12.83 12.27 17.30 11.91
Cov(res n, IV1)‡ −0.023 −0.011 0.013 0.006
Cov(res n, IV2) 0.000 0.002 −0.001 0.000
Cov(res n, IV3) 0.114 0.005 −0.006 −0.002
Cov(res n, IV4) 0.009 0.015 −0.002 0.004
Cov(res n, IV5) −0.003 0.000 −0.003 −0.001
Notes: Standard errors with 500 bootstrap replications are reported in parentheses. Original endogenous variables
and first-stage residuals are used in two-stage residual inclusion (2SRI) method. Control variables are included.
† F-statistics for the joint significance test of the IVs, P-values are not reported and all <0.01.
‡IV1= 20 percentile wage of female employees in the county; IV2 = dummy of whether the mother is born
after 1978; IV3= maternal grandparents’ education, IV4=household assets index, IV5=the average proportion of
children (under 6 years) left-behind by mothers in the county.
*P < 0.1, **P <0.05, ***P <0.01.
log i(t|Y)=0(t)+1G1+2G2+3I +4E +5X +6"̂G1 +7"̂G2
+8"̂E +9"̂I + v2SRI (14)
where G1 is a dummy equal to 1 if the child is cared by a grandparent with at least one
parent living at home and 0 otherwise; and G2 is a dummy equal to 1 if the child is
cared by a grandparent with no parent living at home and 0 otherwise; "̂G1 and "̂G2 are,
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respectively, the estimated residuals from the multinomial logit model computed as the
difference between the observed values and corresponding predicted probabilities, that is
"̂G1 =G1− Ĝ1; and "̂G2 =G2− Ĝ2.21
Table 4 reports the results. Overall, grandparental care still has a negative effect on child
development. Living with the parent(s) neutralizes this negative effect on children’s talking
yet being left-behind by both parents would further delay children’s development in walking
and talking. In subgroup analysis, grandparental care is more harmful to left-behind girls
in terms of the onset of walking, talking and counting. Within the rural sample, early
childhood development of left-behind children is significantly delayed, while for those
who are living with parent(s) the negative effect of grandparental care is mitigated for
talking, counting and toilet training. These findings are consistent with previous studies on
left-behind children in rural areas in China (Chen et al., 2009; Mu and de Brauw, 2015;
Ye and Pan, 2011; Yue et al., 2016).
VII. Conclusions
In this paper, we have used the information on children aged 7 to 59 months from the China
Family Panel Studies to examine the impact of different childcare choice on early childhood
development, focusing on the timing of four milestone achievements – walking, talking,
counting and toilet training. Given the large role of grandparents in looking after young
children in contemporary China, our analysis focuses on whether it matters who is the
main provider of the daytime childcare – the parents (mainly mothers) or the grandparents.
We model the type of childcare provider as an endogenous input into early childhood
development using an instrumental variables approach.We also allow for the endogeneity of
parental education and household income with our empirical tests rejecting the assumption
of exogeneity for these variables and for childcare.
Our main results indicate that compared with parental care, grandparental care delays
the achievement of all the four abilities, everything else being equal. In line with these
results, parental education overall enhances the speed of acquisition of walking, talking and
toilet training but not counting. Household income seems to affect the early development
of counting skill and this effect is very strong. Thus, in China, being cared for by parents
and having educated parents appears broadly favourable for early childhood development.
Using the subgroup samples, we find some differences between rural and urban areas.
The early development of children living in rural areas appears unambiguously impeded
by grandparental care, particularly for those who are left behind by both parents. Hetero-
geneous effect across gender is not obvious for the whole sample, but left-behind girls are
more affected for walking, talking and counting.
On balance, our results imply that having parents as the main carers is beneficial for
child development in the first few years, particularly for children in rural areas of China.
This echoes the conclusion of previous research on the problem of China’s left-behind
children being looked after by grandparents, a conclusion that has proved controversial
21
The new IV is also used in the first stage estimations on mothers’ education and household income. We also
estimate the second stage using the 2SPS method and the results are similar. Joint significance test of the IVs in the
first stages and the covariances between each IV and naïve estimates residuals are reported in Table 4.
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in the country (Yue et al., 2016, 2017; Zhao, 2017; Zhou et al., 2018). One limitation
of our study is that we have only looked at the consequences in terms of the timing of
key milestone achievements in early childhood. Whether delaying these achievements has
long-term effects on the cognitive achievement of adults is a question for further research.
If we assume that such delays in early childhood development achievements are undesir-
able, the policy implications of our findings are not straightforward. Part of the controversy
surrounding findings of negative consequences of non-parental childcare is the potential
inference that women should stay at home, or – in the Chinese context – that migrants
should return to the countryside. Such inferences would be simplistic and unrealistic. Fal-
lon, Mazar and Swiss (2017) suggest that maternity leave would benefit child health in
developing countries. Studies on early interventions for children’s development in devel-
oping countries suggest that the most cost-effective approach is to combine support and
enhancement of the mothers’ resources for care in addition to teaching specific care prac-
tices (Engle et al., 1999). In the case of China, these supports may include investment and
social support in improving mothers’ education and knowledge in care practices as well
as time availability. Therefore, improved provision of maternity leave (from birth-related
to care-related or more flexible shared parental leave) would allow women to continue
their careers without adverse impacts on their children’s early development. Nonetheless,
given the prevalence of care by grandparents, other policies should also be considered. It
may be that educational interventions can offset deficiencies in early childhood develop-
ment caused by parental absence (Alderman, 2007; Gao et al., 2018). These interventions
should consider working with grandparents to enhance the quality of care they provide,
particularly in rural areas. Investment in early childhood development in rural China may
be crucial for the long-term human capital development of future generations, helping to
sustain the country’s high economic growth and alleviating the risk of rising inequality.
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